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WHAT IS CLAIMED IS: 

1 . A photoprotective composition comprising: 

(a) from 0.1% to 30% of a sunscreen active; 

(b) from 0.5% to 20% of a hydrophobic structuring agent selected &om the group 
consisting of saturated C15 to C30 fatty alcohols, saturated C15 to C30 fatty 
alcohols containing from 1 to 5 moles of ethylene oxide, saurated C]^ to C30 diols, 
saturated C15 to C30 monogiycerol ethers, saturated C|g to C30 hydroxy fatty 
acids, and mixtures thereof, having a melting point of at least 40**C; 

(c) from 0.2 % to 10% of a hydrophilic surfactant selected from the group consisting of 
Dontonic surfactants, anionic surfactants, cationic surfiictants, zwiiterionic 
surfactants, amphoteric surfactants^ and mixtures thereof; stnd 

(d) from 0.1% to SVo of a thickening agent selected from the group consisting of 
carboxylic acid polymers, crosslinked polyacrylate polymers, polyacrylamide 
polymers, polysaccharides, gums, crosslinked vinyl ethex/maleic anhydride 
copolymers, crosslinked poly(N-vinylpyrrolidones), and mixtures thereof, and 

<e) from 25% to 99.1% water. 

2. A composition acocHding to Claim 1 wherein said simscreen active is selected frY)m the 
group consisting of 2-ethylhexy! N,N-dimethyl-/>-amtnobenzaate, 2-ethylhexyt p- 
methoxychmamate, octocrylene, octyl salicylate, homomentfayl salicylate, p-aminobenzoic acid, 
oxybenzone, 2-phenyJbenzimklazole-5-sulfonic acid, DEA p-methoxycinnamate, 4,4'-methoxy-/- 
butyklibenzoybnethane, 4-isopropyl dibenzoybnetfaane, 3-(4-raethylbenzyiidcne)camphor, 3- 
benzylkiene camphor, titaniiim dioxide, zinc oxide, iron oxide, and mixtures thereof. 

3. A composition according to Claim 2 wherein said thickening agent is selected from the 
group consisting of carboxylic acid polymers, crosslinked polyacrylate polymers, polyacrylamide 
polymeis, and mbctures thereof; preferably wherein said thicketung agent is selected from the 
gibup consistiDg of crosslinked polyacrylate polymers, polyacrylamide polymers, and mixtures 
thCKOf. 

4. A composition according to Claim 3 wherein said crosslinked cationic polymer corresponds 
to the fonnula (A)|(B),y)(C)|| wherein (A) is a dtaikylaminoaikyi aciylate monomer or its 
quaternary ammonhmi or acid addition salt, (B) is a dialkylaminoakyl methacrylate monomer or its 
quaternary anunonhim or acid addition salt, (C) is aciylamule, 1 is. an integer of 0 or greater, m is 
an integer of I or great, and n is an integer of 0 nr greater, wherein wd poisoner contains a 
crosslinking agent. 
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5. A composition according to Claim 4 wherein said crosslinking agent is selected from the 
group consisting of methylene bisacrylamidc. ethylene glycol di-(meth)acrylate, di- 
(meth)acrylamide, cyanomethylacrylatc, vinyloxyethylacrylate, vinyloxyethylmethacrylate, allyl 
pentaerythritoU trimethylolpropane, diallyletbcr, allyl sucrose, butadiene, isoprene, dlvlnyl 
benzene, divlnyl naphthalene, allyl acrylatet and mbctures thereof. 

6. A composition according to Claim 5 wherein said crossiinked caiionic polymer is selected 
from the group consisting of polyquaterahim 32, polyquatemium 37, and mixtures thereof. 

7. A composition according to Claim 3 wherein said polyaciyiamide polymer has a molecular 
weight fmm 1 .000.000 to 30.000.000. 

8. A composition according to any of Claims 1-7 wherein said sunscreen active is selected 
from the group consisting of 2-ethylhexyl /^-methoxycinnamate, 4,4'Hnethoxy-/- 
butyldibenzoybnethane, zinc oxide, and mixtures thereof; and wherein said hydrophobic 
structuring agent is selected from the group coosistiiig of stearyl alcohol, cetyl alcohol, betienyl 
alcohol, polyethylene glycol ether of steaiyl alcohol having an average of about 2 ethylene oxide 
units, and mixtures thereof. 

9. A compositicm according to Claim 8 wherein said hydrophilic sur&ctant is a nonionie 
surfactant, preterably wherein said nonionie surfactant is selected from the group consisting of 
stBareth-21, cetBareth-20, ceteareth-12, sucrose cocoate, stearedi»100, PEG*100 stearate, and 
mixtures liwreof. 

10. A method for protecting human sidn from the harmful effects of UV radiation, said method 
comprising applying a safe and effective amount of the composition of any of Claims 1-9 to htmian 
skin. 
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PHOTOPROTECTIVE COMPOSITIONS 
TECHNICAL FIELD 

The present invention relates to compositions which are useful for providing protection to 
the skin of humans from tlie harmful effects of ultraviolet radiation. In particular it relates to stable, 
cosmetic, aqueous-containing compositions having gel actwwks^ liquid crystalline phases, or both. 
These compositions also contain a thickening agent Without being limited by theory, it is believed 
that the aqueous phase of these compositions contain relatively-low ieveb of free water. In other 
words, the water is beUcvcd to be bound as part of the gel network or liquid crystals. These 
conipositions are found to be especially useful for delivering sunscreen actives to the skin. 

BACKGROUND OF THE INVENTION 

The damagoig effects of sunlight on skin are well documented. Contrary to what most 
people believe, h is not necessary that one sunbathe to suf!er the ill-effects of excessive UV 
exposure. In &ct» significant damage can be done just by routine day to day activities in simlight. 
The major short term hazard of prolonged exposure to sunlight is erythema, i.e. sunburn. In addition 

to the short term hazard are long term hazards such as malignasit changes in the skin surface. 
Numerous eptdeminologic studies demonstrate a strong relationship between sunlight exposure and 
human skin cancer. Another long term hazard of ultraviolet radiation is premature aging of the skin. 
Tlus condition is characterized by wrinkling and pigment changes of the skin, along with other 
physical changes such as cracking, telangiectasis, solar dermatoses, ecchymoses, and loss of 
elasticity. The adverse effects asaociated with exposure to UV radiation are more fUIly discussed In 
DeSimone, "Sunscreen and Suntan Products," Handbook qfNonprescr^tion Drugs^ 7th Ed., Chapter 
26t pp. 499-511 (American Phaimaceutical Association, Washington, D.C.; 1982^ Grove and 
Forbes, "A Method for Evaluating the Photoprotection Actiim of Simscreen Agents Agamst U V-A 
Radiatioo," International Journal of Cosmetic Science^ 4, pp. 15-24 (1982); and U.S. Patent No. 
4^87,089, DePolo, issued >une 7, 1983; all of these references being incorporated by reference 
herein in their entirety. Hence, although the immediate effects of ultraviolet radiation may be 
cosmefttaUy and socially grati^ing* the long term hazards are cumulative and potentially serious. 

The fact that these effects are taken seriously by the general public is suggested by 
considering the sun protection product maricel This market has grown considerably in recent years 
and many new products are introduced each year. What used to be looked upon as a seasonal 
business is no longer seen as such. Sunscreen agents are now inchided in a diversity of personal care 
products, paittcularly cosmetic type products which are worn on a daily basis. 

Sunscreen formulas are generally based on oil-in-water and water-in-oil emulsion systems. 
However, many conventiona] systems suffer from disadvantages such as inefficient UV protection, 
chemical and physical instability, and unattractive aesthetic properties when applied to the skin. It 
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has surprisingly been found chat the photoproteetive compositions of the present invention overcome 
these disadvantages. These compositions comprise a sunscreen active, a stable, hydrophobic, 
sniicttxring agent, a hyOrophilic surfactant, a thickening agent, and water. Without being limited by 
theory, it is believed that these compositions contain gel network structures, liquid crystal structures, 
or both. It is believed that these gel netwoilcs and liquid crystals tend to bind the available water in 
the coroposhion, thereby rendering the water less available for connibuting to the instability and 
decomposition of the active ingredients. It is also found tfiat these compositions are well-suited for 
formulating with highly polar materials, e.g., inorganic sunscreen agents such as titanium dioxide, 
znic oxide, and iron oxide, which are often used to enhance or boost the UV protection effects of 
organic type sunscreen agents. Additionally, it is found that these compositions have good aesthetic, 
i.e. skin feel properties. 

Therefore, it is an object of the present invention to provide novel compositions for 
providing protection from the harmful effects of UV radiation to the skin. 

It is a further object of the present invention to provide photoproteetive compositions 
conoLprismg water, and havhig gel networks, liquid crystals or both. 

It is a further object of the present mvention to provide photoproteetive compositions which 
are both chemically and physically stable. 

It IS a ftirtber objective of the present invention to provide photoproteetive compositions 
which have an aesthetically appealing feel when applied to the skin. 

These and other objects will become readily apparent from the detailed description which 

follows. 

SUMMARY OF THE INVENTION 
The present invention relates to photoproteetive compositions that are usefUl for protecting 
himan skin fitnn the harmful effects of UV radiation comprising: 

(a) from about 0.1% to about 30% of a sunscreen active; 

(b) from about 0.5% to about 20% of a hydrophobic, ttrucniring agent selected from the 
group conalatiog of aaUirated C15 to C3Q Itay alcohols, saturated Cj^ to C30 fetty 
alcohols oontaming from about 1 to about 5 moles of ethylene oxide, saturated €{5 to 
C30 diols, saturated C\s to C30 numoglycerol ethers, saturated to C30 hydroxy 
fatty acids, and mixtures thereof; having a mehmg point of at least about 40*'C; 

(c) from about 0.2 % to about 10% of a hydrophilic surfactant selected from the group 
ccmsisting of nonionic sur&ctants, anionic sur&ctants, cationic surfactants, 
zwiiterionic surfoctants, amphoteric surfactants, and mbttures thereof, 

(d> from about 0. 1 % to about 5% of a thickening agent selected from the group consistmg 
of caitoxylic acid polymers, crossluiked polyacrylate polymers, polyacrylamide 
polymers, polysaccharides, gums, crosslmked vineyl etherymaleic anhydride 
copolymers, crosslmked poly(N-vmylpyrroiidones), and mbcnires thereof, and 
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(e) from about 25% to about 99.1% water. 

Id further embodiments, the present invention also relates to methods for providing protection 
to human skin from the hannfiil effects of UV radiation. 

AJ] percentages and ratios used herein are by weight of the total composition. Alt 
measurements made are at 25^C, unless otherwise designated. AH weight pcreentages, unless 
otherwise Indicatedt are on an actives weight basis. The invention hereof can comprise, consist of; or 
consist essentially of, the essential as well as optional ingredients and components described herein. 
DETAILED DESCRIPTION OF THE FNVENTIQN 

The compositions of the present invention are useful for providing protection to human skm 
from the harmful effects of ultraviolet radiation. These compositions are in the form of oil-in-water 
emulsions whereby the oil phase and the water phase can contain, in addition to the essential 
components described herein, a variety of ingredients known in the art These compositions are in 
the fonn of topical, leave-on compositions. The compositions herein are tiseful for topical 
application to the skin. 

lite tenn "topical application," as used hoein, means to apply or spread the compositions to 
the surfoce of the skin. 

The temi "phamuiceutically acceptl^le,** as used herein, means that the compositions or 
components thereof so described are suitable for use in contact with human skin without undue 
toxicity, tncompatibiiity, instability, allergic response, and the like. 

The compositions of the present invention have complex rbeotogicai characteristics. These 
compositions have physical properties characteristic of oiI*ln-water emulsions, liqukl crystals, and 
crystalline gel networks. Without being limited by theory, ti Is believed that these ccHnpositions have 
k>w levels of free water, such that most of the water is bound up with liquid crystals or gel networks. 
It is found that these compositions are ttsefiil as vdiicles for compositions which are labile in 
aqueous solution or dispersion. It b also found diat these compositions are usefUl for formulating 
whh actives which are highly polar, such as physical simscreai agents such as titaniimi dioxide, zinc 
oxide, hon oxide, and the like. 

The nature of liquid crystals, the formation of liquid crystals, the properties and advantages of 
Hqirid -crystals, and gel networks are described fitrther in G. Dafams, "Properties of O/W Emubions 
widi Anisotropic Lamellar Phases," 101 Cosmetics & Toiletries 113-115, (1986); P. Loll, "Liquid 
Crystab in Cosmetic Emubions,** ICI Surfactants* Publicarion RP94-93E: and CM. Ecclcston, 
"Multiple-Phase Oil-In-Watcr Emubion,'* 41 J. Soc. Cosmet Chem. 1-22, (January/February 1990); 
all of which are incorporated herein by reference in then* entirety. 

The compositions herein have desirable aesthetic and etegant properties, such as a rich and 
creamy, yet noii-greasy» skin feel. These compositkms can span a broad range of consistencies from 
thui lotions to heavy creams. These compositions typically have vbcostties ranging from about 100 
cps to about SOO.OOO cps, preferably from about 3,000 cps to about 200,000 cps, more preferably 
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froni about 5000 cps to about 150,000 cps, as measured at a temperature of 25"C with a Brbokfield 
Synchro-Lectric Viscometer Model D, The compositions can span a wide range of pH values. Even 
th<nigb buffers can be utilized to help maintain the pH ol the emulsion compositions, these are not 
required compooents, but are merely optional ingredients. 

The composidons of the present invemton comprise the following essential components. 
Tliese components should be pharmaceutically acceptable. 
Sunscreen Agent 

The compositions of the present invention comprise from about 0.1% to about 30%, more 
preferably from about 0.5% to atotm 25%, and most preferably from about 1% to about 20% of the 
compositions of the present invention. Mlxtxires of sunscreen agents can also be used. Exact 
amontns of sunscreen agent will vary depending upon the sunscreen or sunscreens chosen and the 
desired Sun Protection Factor (SPF) to be achieved. SPF is a commonly used measure of 
photopnotectioa of a sunscreen against erythema. The SPF is defined as the ratio of the ultraviolet 
energy required to fHoduce minimal erythema on protected skin to that required to produce the same 
minimal erythema on unprotected skin in the same individual. Sec Federal Register. Vol. 43; No; 
166, pp. 38206-38269, August 25, 1978, which is incorporated herem by reference in its entirety. 

A wide variety of sunscreen agents are useful herem. These sunscreen agents mclude both 
organic compounds and their salts as well as inorganic particuktte materials. Without being timited 
by theory, it is believed that sunscreen agents provide protection from uhraviolet radiation by one or 
more of the following mechanisms tnchiding absorption, scattering, and reflection of the ultraviolet 
radiation. Nonlimiting examples of these sunscreen agents are described in U.S. Patent No. 
5,087,445, to Haffey et al., issued Febniaiy 1 1. 1992: U.S. Patent No. 5.073.372, to Turner et aL, 
issued December 17, 1991; U.S. Patent No. 5,073,371, to Turner et al. Issued December 17, 1991; 
U.S. Patent No. 5,160.731, to Sabatelll et aL» issued November 3, 1992; U.S. Patem No. 5,138,089, 
to Sabatelli, issued August 1 1, 1992; U.S. Patent No. 5,041,282, to SabatelU, issued August 20, 1991; 
VS. Patent No. 4»999,186. to Sabatelli et aL, issued March 12, 1991; U.S. Patem No. 4,937,370, to 
Sabatelli, issued June 26, 1990; and Segnrin, et oL, at Chapter VIIl, pages 189 ct tsc^^ of Cosmetics 
Science and T#iglifift^^^ all of tiiese documems being incorporated herein by reference m their 
entite^. Preferred among the sunscreen agents are those selected from the group gftn^iffing of 2* 
ethylhexyi p-methoxycinnamate, octyl salicylate, octocrylene, oxybenzone, 2-ediylhexyl N,N- 
dhnethylaminobenzoate, p-aminobenzoic acid, 2-phenyl4>enzmiidazDle-5-sulf<mic acid, 
hmnomenthyl salicylate, DEA p-medioxyctnnamate, 4,4'methoxy-t-butyldiben2Dyhnethane, 4- 
isopropyldibenzoyhoediane, S-(4-methylben^t]dene) camphor, 3-benzylidene camphor, 4-N,N» 
dimediylaminobenzoic add ester with 2,4Hlihydn)xyben2Dphenone. 4-N.N-dimethylammoben2oic 
acid ester with 2-hydroxy-4-(2-hydroxyethoxy)bcnzophenone, 4-N.N-dunethylaminobcnzoic acid 
ester with 4-hydroxydibenzoyl- methane, 4-N,N-dimethylaminobeii2oic acid ester with 4-(2- 
hydroxyedioxy)dlbenzoyhnetfaane, 4-N,N-dj(2-ethylhexyl)- . ammobenzoic acid ester with 2,4- 
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dihydroxybenzophenone, 4-N,N-<li(2-ethyihexyl)aintnobenzoic acid ester widi 2-hydroxy-4-(2- 
hydn)xyetfaoxy)benzophcnone, 4-N,N-di(2-etfaylhexyi)aminobenzoic acid ester with 4.hy. 
droxydibenzoyhnethane. 4-N.N^i(2-cthyIhexyl)aniiiiobeiizoic acid ester with 4-(2-hydroxyeth- 
oxy)dibeii2oylmethane, 4-N,N-(2-ethylhexyI)nicthylaminobcnzoic acid ester with 2,4- 
dihydroxybenxophenoDe, 4-N,N*<2-ethylhexyl)Rietfaylaminobenzoic acid ester with 2-hydroxy-4-(2- 
hydroxyedioxy)beiizophenone» 4-N,N-(2-ethy]hexyl)inethylBniinobenzoic acid ester with 4-hy- 
droxydibenzoylmetfaiane, 4-N,N-(2-ethylhexyl)mctfaylaininobenzDic acid ester with 4-(2-hydn)xyeth» 
oxy)dibeQzoylmethaiie, titanium dioxide, zinc oxide, iron oxide, and mixtures thereof. 

More preferred for use in the compositions described herein are the sunscreen agents selected 
from the group consiscing of 2-ethyUiexyl N,N-dimetbyl-p-amtRobenzoate, 2-ethylhexyI p- 
methoxycinnamate, octocrylene, octyl salicylate, homomehthyl salicylate, p-aminoboizoic acid, 
oxybeozone, 2-phenyibenzimidazole-5*sulfonic acid. DBA p-methoxycinnamate. 4,4'-inetfaoxy^ 
butyldibenzoylraethane, 4-isofM'opyI dibenzoybncthane, 3-(4-mediylbenzylidcne) camphor, 3- 
benzyh'dene camphor. 4-N,N-<2*ethylhexyl)methylaminobenzoic acid ester whh 4-<2-hydroxyeth- 
oxy)diben2oylmetliane, titaiUum dioxide, zinc oxide, iron oxide, and mixtures thereof. 

Even more preferred for use in the compositions described herein are the sunscreen agents 

selected from the group consisting of 2-ethylhexy] K.M-dimcthyl-p-naniinobcnzoate, 2-cthyIhcxyl p- 
metfaoxycinnamate, octocrylene, octyl salicylate, oxybenzone, 2-phenylbenzimidazote-5-suifonic 
acid, 4,4'-methoxyH-buyldibenzoyhnethane, 3-(4-methylben2ylidcne) camphor, 3-benzylidenc 
camiihor, 4-N,N-(2-edtylhexyl)meth3iaminobenzoic acid ester, whh 4-CZ-hydroxyeth- 
oxy)dibenzoyimethane, dtanium dixotde, zinc oxide, iron oxide, and mixtures thereof. 

Most preferred fur use in the compostilons of the present Invention are the sunscreen agents 
selected from he group coitsisdng of 2-ethylhexyi p-methoxycinnamate, 4,4**medioxy*t* 
buyidibenzDyhnethatte, zinc oxide, and mixoires thereof. 
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Stnicturing A^enr 

The present invention comprises from about 0.5% to about 20%, preferably fiom about i% to 
about 10%, and more preferably from about 1% to about 5%, of a hydrophobic, stnicturing agent 
selected firom die group consisting of saturated Cjg to C30 fatty alcohols, sanirated Cjg to C30 fatty 
aicohols contatnmg from about I to about 5 moles of ethylene oxide, satuiated C15 to C30 diols, 
saturated to C30 monoglycerol ethers, saturated Cj^ to C30 hydroxy fatty acids, and muctuies 
thereof, having a melting point of at least about 40'*C. Without being limited by theory, it is believed 
thai Uicse stnicturing agents are useful to assist in the formation of die theological characteristic of 
die composition which contribute to the hydrolytic stability of die composition of die present 
invention. In particular stnicturmg agents assist in the formation of die liquid crystalline gel network 
structures. 

The prefenred structurii^ agents of die present invention are selected ftom the group 
consisting of stcaryl alcohol, cetyl alcohol, bebenyl alcohol, stearic acid, palmitic acid, die 
polyediylene glycol ether of stearyl alcohol having an average of about I to about 5 ediylcne oxide 
units, the polyediylene glycol edier of oetyl alcohol having an average of about I to atfout 5 ethylene 
oxide units, and mixtures thereof More preferred stnicturing agents of die present mvendon are 
selected from die group consisting of steaiyl alcohol, cetyl alcohol, behenyl alcohol, die polyediylene 
glycol ether of stearyl alcohol having an average of about 2 ediylene oxide units (stearedi-2), die 
polyediylene glycol edier of cetyl alcohol having an averagie of about 2 ediylene oxide units, and 
mbcturca thereof. Eveii more prefbncd stracmring agents are selected from the group consisting of 
stearyl alcohol, cetyl alcohol, behenyl alcohol, steareth-2, and mixtures dieieof . Hydroohnie 
Surfactant 

The composltioas of the present invention comprise from about 0.2% to about 10%, 
preferably from about 0:2% to about 6%, and more preferably from about 0^% to about 3% of at 
least one hydrophilic surfectant Widiout being limited by dieory, it is believed diat die hydiophUic 
surfactant disperses the hydrophobic materials, i.e. the stnicturing agent, in the water phase. The 
surfactant, at a mtnrmum, must be hydrophilic enough to dispeno in water* 

TTie surfactants useftil herein can mchxie any of a wkle variety of cationic, anionic, 
zwhtertonic, and amphoteric surfactants disclosed in prior patents aiul other references. See 
McCutcheon's, Detergents and Emulsifiers. Nordi Amoican Edition (1986), published by Allured 
Publishing Corporation; U.S. Patent No. 5,01 1,681 to Ciotti ct aU issued April 30, 1991 ; U.S. Patent 
No. 4.421,769 to Dixon ci aL, Issued December 20, 1953; and U.S. Patent No. 3,755,560 to Dickert 
et al., issued August 28, 1973; these four references are mcorpOFSted herein by reference in dieir 
Mtncty. 

The exact surfactant chosen will depend upon the pH of die composition and the odier 
components present. 
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Preferred for use herein are nonionic surfactants. Among the noniontc surfactants that are 
useful herein are those that can be broadly defined as condensation products of long chain alcohols, 
e.g. C8-30 alcohols, with sugar or starch polymers, i.e., glycosides. These compounds can be 
represented by the formula (S),j-0-R wherein S is a sugar moiety such as glucose, fructose, 
mannose, and galactose; n is an mteger of from about 1 to about 1000, and R is a C8-30 alkyi group. 
Examples of long chain alcohols from which die alkyl group can be derived mclude decyl alcohol, 
ceiyl alcohol, stearyl alcohol, lauryl alcohol, myristyl alcohol, oleyl alcohol, and the like. Preferred 
examples of these surfactants include those wherein S is a glucose mofety, R is a C8-20 alkyl group, 
and n is an integer of from about 1 to about 9. Commercially available examples of these surfactants 
include decyl polyghicoaidc (available as APO 325 CS from Henkel) and lauiyl polyglucoside 
(available as APG 600 CS and 625 CS from Henkel). 

Other useful nonionic surfactants include the condensation products of alkylene oxkles with 
fatty acids (i.e. alkylene oxide esters of fatty acids). These materials have the general formula 
RCO(X)„OH wherein R is a ClO-30 alkyl group, X is -OCH2CH2- (i.e. derived from ethylene 
glycol or oxide) or -OCH2CHCH3- (iJc. derived from propylene glycol or oxideX and n is an integer 
fitnn about 6 to about 100. Odier nonionic sur&ctants are the condensation products of alkylene 

oxides with 2 moles of fatty acids (i.e. alkylene oxide diesters of fatty acids). These materials have 
the general formula RCC>(X)nOOCR wherein R is a ClO-30 alkyl group, X is -OCH2CH2-(i c. 
derived from ethylene glycol or oxide) or -OCH2CHCH3-(i.e. derived from propylene glycol or 
oxide), and n is an integer fivim about 6 to about 100. Other nonionic sur&ctants are Ae 
condensation products of alkylene oxides widi fyay alcohols (i.e. alkylene oxide ethets of fatty 
alcohols). These materials have the general fonnuht R(X)jiOR' wherein R is a C 10-30 alkyl group. 
X is •CX:H2(M2-(i.c. derived from ethylene glycol or oxide) or •OCH2CHCH3- (i.e. derived from 
propylene glycol or oxideX and n is an integer from about 6 to about 100 and R' is H or a ClO-30 
alkyl group. Still olher nonkmlc sur&ctants are the eondensatimi products of alkylene oxides whh 
both fatty acids and fatly alcohols {t.e. wherem the polyalkylene oxide portion is esterified on one 
end with a fatty acid and etheritied (i.e. connected via an ether linkage) on the other end with a fatty 
alcohol]. Hiese materiab have the general formula RCO(X)gOR' wherein R and R' are CI 0-30 
aOcyt eroops, X fe -OCH2CH2 (i.e. derived fnmi eth>^ene glycol or oxkle) or -OCH2CHCH3- 
(derived from pmpyhent glycol or oxideX and n is an integer fitmi about 6 to about 100. 
Ndnlimiting examples ,of these alkylene oxide derived nonionic surfactants include cetetfa^, 
ccteth-lO, ceteth.12, cctcareth-6, cctear«h-IO, cetcareth-l2, stcarcth.6, steareth-10, stcarcih-l2, 
PEG-6 stearate, PEG-10 stearate, PEG«12 stearate. PEG-20 glyceryl stearate, PEG-80 glyceryl 
tallowotc, PPG-10 glyceryl steante, PEO-30 glyceiyl cocoate, PEO-80 glyceryl cocoare, PEG-200 
glyceryl tallowate^ PEG-8 dilaurate, PEG- 1 0 distearate, and mfocoires thereof. 

Still other useful nonionic surfruiants Include pol^ydroxy fatty acid amide surfactants 
corresponding to the structural fonnula: 
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O Rl 

II I 

R2 C N Z 

wherein: is H, C^-C^ alkyi, 2-hydroxyctbyI, 2-hydroxy- propyU preferably C^^^ alkyi, more 
preferably methyl or ethyl, most preferably methyl; is C^-C^j aikyl or alkenyl, preferably 
S*^19 ^ alkenyi, more preferably C^-Cj^ alkyi or alkenyl. most preferably Cj j-C^^ alkyi 
or alkenyl; and Z is a polhydroxyhydrocarbyl moiety having a linear hydrocarbyl chain with a least 3 
hydroxyls directly eonneeted to the chain, or on alkoxylated derivative (preferably ethoxylated or 
propoxylated) thereof. Z preferably is a sugar moiety selected from the group consisting of glucose, 
fructose, maltose, lactose, galactose, mannose, xylose, and mixtures thereof. An especially preferred 
surfactant corresponding to the above slracmre is coconut alkyi N-methyl glucoside amide (i.e., 
wherein the R CO- moiety is derived from coconut oil fatty acids). Processes for making 
compositions containing polyhydroxy fatty acid amides are disclosed, for example, in G.B. Patent 
Specification 809,060, published Fcbiuaiy 18, 1959, by Thomas Hedley & Co^ Ltd.; U.S. Patent 
No. 2,965476, to E.R. Wilson, issued December 20. 1960; U.S. Patent No. 2,703,798, to A.M. 
Schwartz, issued March g, 1955; and U.S. Patent No. 1.985,424, to Piggott. issued December 25, 
1934; which are incorporated herein by reference in their entirety. 

Preferred among the nonioiiic sur&ctants are those selected from the group consisting of 
ste8reth-21, ceteareth-20, cetearedi-12, sucrose cocoate, steareth-lOO, PEG-100 stearate, and 
mixturcis thereof. 

A wide variety of catiooic surfactants useful herein are disclosed in U.S. Patent No. 
5,151,209, to McCall et al., issued September 29, 1992; U.S. Patent No. 5,151,210, to Steuri et aL, 
issued September 29, 1992; U.S. Patent No. 5,120,532, to Wells et aL, issued June 9, 1992; U.S. 
Patent No. 4,387,090, to Bolich, issued June 7, 1983;; U.S. Patent 3,155,591, Hilfcr, issued 
November 3, 1964; U.S. Pateui No. 3,929,678, to Laughlin et aU issued December 30, 1975; U.S. 
Patent No. 3.959,461, to Bailey ct aL, issued May 25, 1976; McCutcheon's- Detergentai & 
PmSbifim (Nordi American editioo 1979) M.C. Publishing Co.; and Schwartz, et aL. Surface 
Active Ageqts, Their Chemistry and Technotogv. New York: Inteiscience Publisheis, 1949; all of 
these documents being incorporated herein by reference in their entirety. The cadonic surfactants 
useful herein include cationic ammonium salts such as those having the formula: 
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wherein R}, is an alkyl gxoup having from about 12 to about 30 carbon atoms, or an aromatic, aiyl or 
alkaryl groups having from about 12 to about 30 carbon atoms; R2, R3, and R4 are independently 
selected from hydrogen, an alkyl group having from about 1 to about 22 carbon atoms, or aromatic, 
aryl or alkaryJ groups having from about 12 to aboiit 22 carbon atoms; and X is any compatible 
anion, preferably selected from the group consisting of chloride, bromide, iodide, acetate, phosphate, 
nitrate, sulfate, methyl sulfate, ethyl sulfioe, U>sylate, lactate, chratc, glycolate, and mixtures diefeof 
AdditionaUy, the alkyl groups of R j , R2, R3. and R4 can also contain ester and/or ether linkages, or 
hydroxy or amino group substituents <e.g., the alkyl groups can contain polyethylene glycol and 
polypropylene glycol moieties). 

- ""™"Morc preferably,-R|-is-aD alkyl grcup having &xmi about-l2-to abom atoms; R2 is 

selected from H or an alkyl group having from about 1 to about 22 carbon atoms; R3 and R4 are 
independently selected from H oran alkyl group having from about 1 to aboul 3 carbon atoms; and 
X is as described previously. 

Most preferably, R] is an alkyl group havmg from about 12 to about 22 carbon atoms; R2, 
R3, and R4 are selected from H or an alkyl gnnip having from about 1 to about 3 carbon atoms; and 
X is as described previously. 

Alternatively, other useful cationic emuUifiers include amino-amides, wherein in the above 
Structure Ri is aheraatively R5CONH-(CH2^-. wherein R5 is an alkyl group having from about 12 
to about 22 carbon atoms, and n is an integer from about 2 to about 6, more piefeiabty from about 2 
to about 4, and most pieferably from Bbaat 2 to about 3. Nonlimhing examples of these cationic 
emubifiers include stearamidopropyl PG-dimonmm chloride phosphate, behenamidopropyl PG 
Uiiauuium chloride, scearamldopmpyl ethyldlmontum emosulfate, stearamidopropyl dimethyl 
(myrisQfl acetate) ammonhim chloride, stearamidopropyl dimethyl cetearyl ammonium tosylate, 
steanamdapropyl dunelhyl anuncmhnn diloride, stearamidopropyl dimethyl ammonium lactate, and 
mixtures thereof. Especially preferred is beheitamidopropyl PG dtmonium chloride. 

Nonlimiting examples of quaternary ammonium salt cationic surfactants include those 
selected from the group consisting of cetyl anunonhun chloride, cetyl ammonium bromide, lauryl 
ammonium chloride, lauryl ammoniiun brcmiide, steaiyl ammonium chloride, stearyl ammonium 
bnMoide, cetyl dimethyl ammonuon chloride, cetyl dimethyl ammonium bromide, lauryl dimediyl 
anamonium chloride, lauryl dimethyl annnonium bromide, stearyl dimethyl ammonium chloride, 
stearyl dimethyl ammonium bromide, cetyl trimcdiyl ammonium chloride, cetyl trimethyl 
anunonium bromide, lauryl trimethyl ammonium chloride, lauryl trimethyl ammonium bromide. 
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stearyl trimethyl ammonium chloride, stearyl trimediyl ammonium bromide, lauiyl dimethyl 
ammonium chloride, steaiy I dimethyl ceiyl ditallow dimethyl ammonium chloride, dtoetyl 
ammonium chloride, dicctyl ammoDium bromide, dilauryl ammonium chloride, dilauryl ammonium 
bromide, distearyl ammonium chloride, distearyl ammonium bromide, dicetyl methyl ammonium 
chloride, dicetyl methyl ammonium bromide, dilauryl methyl ammonium chloride, dilauryl methyl 
ammonium bromide, distearyl methyl ammonium chloride, distearyl methyl ammonium bromide, 
and mixtures thereof. Additional quaternary ammonium salts mctude those wherem the C 12 to C30 
alkyi carbon chain is derived from a tallow fatty acid or from a coconut fetty acid. The temi "tallow" 
refers to an alkyl group derived from tallow fatty acids (usually bydrogenated tallow fatty acids), 
which generally have mixtures of alkyl chains in the C|5 to C13 range. The term "coconut" refers to 
an alkyl group derived from a coconm fetty acid, which generally have mbctures of allQrl chains in 
the C12 to Ci4 raiige. Examples of quaternary aramonhim salts derived from these tallow and 
coconut sources inchide ditallow dimethyl ammonium chloride, ditallow dimethyl ammonium 
methyl sulfate, dtOiydrogenated taUow) dimethyl anunonium chloride, di(hydrogenated tallow) 
dimethyl ommonhmi acetate, ditallow dipropyl ammonhim phosphate, ditallow dbnethyl ammonium 
nitrate, di(coconutalkyl)dimcthyl ammonuun chloride, di(coconutalkyl)dunethyl ammonhmi 
bromide, tollow anunonium chloride, coconut ammonium chloride, stearamidopropyl PG-dimonium 
chloride phosphate, ' stearamid<^}ropyl ethyldimonium cthosulfetc, stearamidopropyl dimethyl 
(myristyl acetate) ammonhmi chloride, stearamidopropyl dimethyl cetearyl ammonhmi tosylate, 
stearamidopropyl dhnediyi anunonium chloride, stearamidopropyl dunediyl ammonium lactate, and 
mbmmes thereof. An example of a quaternary ammonium compouiul having an alkyl group with an 
ester linkage is ditallowy] oxyethyl dimediyl ammonium chloride. 

More preferred cationic surfiutants are those selected from the group consisting of 
behenamidoprapyl PG dimonium chloride^ dilauryl dunetbyl ammonium chloride, distearyl dhnediyl 
ammonium chloride, dimyristyl dimethyl ammonium chloride^ dipatanityl donethyl ammonium 
chloride, distearyl dimethyl anunonium chloride, stearamidopropyl PQ-dimonium chloride 
phosphate, stearamidopropyl «thyldiamiuonium othosulfotc, stcaraintdopropyi dinieUiyl (myristyl 
acetate) ammonium chloride, stearamidopropyl dimethyl cetearyl ammonium tosylate, 
steamfiidopropyl dimethyl ammonhmi chloride, steararaidc^sropyi dhnethyl ammonium ^ 
mixtures thereof 

Most preferred cationic surfactants are diose selected fit>m the group consisting of 
beliciuunidopropyl PO dimonium chloride, dilauryl dimemyl ammonium chloride, distearyl dimediyl 
ammonhim chloride, dhnyristyl dhnethyl ammonium chloride, dipahnityl dimediyl ammonhnn 
chloride, ami mixtures thereof. 

A wide variety of anionk; surfectants arc also useful herein. ggS* c-gn U.S. Patent No. 
3,929,678, to Laughlm et al., issued December 30, 1975, which is mcorporated herein by reference 
in its entirety. Nonlimiting examples of anionic surfactants include the alkoyl isediionates, and the 
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alkyt and allcyl ether sulfotes. The alkoyl ise&ionaies typically have the formula 
RCO-CXTHjCH^SO^M wherein R is alkyl or aikcnyl of from about 10 to about 30 carbon atoms, 
and M is a water-solubJe cation such as ammonium, sodium, potassium and triedianolamtne. 
Nonlimiting examples of these isethionaies include those alkoyl isethionates selected from the group 
consisting of ammonium cocoyl isethtonate. sodium cocoyl isethionate, sodium lauroyi isethionate, 
soditmi stearoyi tsethionate, and mixtures thereof. 

The alkyl and alkyl edicr sulfates t^ically have the respective fonnulae ROSO^M and 
RO(C2H^O)^SO^M, wherein R is alkyl or alkenyl of from about 10 to about 30 carbon atoms, x is 
from about 1 to about 10, and M is a water-soluble cation such as. ammonium, sodium, potassium 
and triethanolamine. Another suitable class of anionic surfactants are the water-soluble salts of the 
oigantc, sulfuric acid reaction products of the general formula: 

R,-S03"M s 
wherein Rj is chosen from the group consisting of a straight or branched chain, saturated aliphatic 
hydrocarbon radical having from about 8 to about 24, preferably about 10 to about 16. carbon atoms; 
and M is a cation. Stiil other anionic synthetic surfectants include the class designated as 
succinamates, olefin sulfonates having about 12 to about 24 carbon atoms, and b-alkyloxy alkane 
sulfonates. Examples of these materials ore sodium lauryl sulfate and amrooniiun lauryl sulfhte. 

Other anionic materials useful herein are soaps (i.e. alkali metal salts, e.g.» sodium or 
potassium salts) of fatty acids, typically havmg from about 8 to about 24 carbon atoms, |»cferably 
from about 10 to about 20 caifooa atoms. The &tty acids used in making the soaps can be obtained 
from natural sources such as, for instance, plant or animal-derived glycerides (e.g., pafan oil, coconm 
oil, soybean oil, castor oil, taltow, lard, etc.) Hie fatty acids can also be synthetically prepared. 
Soaps are described in more detail in U.S. Patent No. 4,537,853, cited above. 

Amirtioteric and zwitterionic sur&ctants are also useful herein. Examples of amphoteric 
and zwitteriOTic surftctants which can be used in die compositions of the present invention are diose 
whkh are broadly described as derivadves of aliphatic secondary and tertiary amines in which the 
aliphatic radical can be strai^t or branched chain and wherein one of the aliphatic substiments 
contains from about 8 to about 22 cari>on atoms (preferably Cg • C|g) and one contains an anionic 
^rafSr sblnbillzing gronp, e.g., carboxy, sulfonate, sulfote, phosphate, or phosphonate. Examples axe 
aOcyl imino acetates, and iminodiaUcanoates and aminoaikanoates of the frmmilas 
^^^y^n^^l^h ^^(CH^)jCO^M wherein m is from I to 4, R is a C8-C22 alkyl or 
alkenyl, and M is H, alkali metal, alkaline eardi metal ammonium, or alkanolammonium. Also 
included are imidazotinium and anunonium derivatives. Specific examples of suitable amphoteric 
sur&ctants faiclude sodium 3-dodecyl-aminopropionate, sodium 3-dodecylamtnopropane sulfonate, 
N-aUcyltaurines such as the one prepared by reacting dodecylamine whh sodium isediionate 
according to the teacfains of U.S. Patent 2.658.072 which is incorporated herein by reference in its 
entirety; N-higher alkyl aspartic acids such as diose produced according to die teaching of U.S. 
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Patent 2,438*09l which is incorpOTated herein by reference in its entirety; and the products sold 
under the trade name "Miranol" and described In U.S. Patent 2,528,378, which is incorporated herein 
by reference in its entirety. Other examples of useful amphoterics Include phosphates, such as 
coamidopropyl PG-dinaooium chloride phosphate (commercially available as Monaquat PTC. from 
Mona Corp.). 

Also useful herein as amphoteric or rwitterionic surfactants are the betaines. Examples of 
betaines include the higher alkyi betaines, such as coco dimethyl caitoxymediyl betame, lauiyl 
dimethyl carboxymethyl betaine, lauryl duncihyl alphacarboxycihyl betaine. cetyl dimethyl 
carboxymcthyl betaine. cctyl dhnethyl betaine (available as Lonzaine 16SP fiom Lonza Corp.), 
lauryl bis-<2-hydroxyethy]) carboxymethyl betaine. stearyl bis-<2-liydroxypropyl) carboxymethyl 
betaine, oleyl dimethyl gamma-caiboxypropyl betaine, lauryl bis-(2-hydroxypiopyl)a]pha- 
-carboxycthyl betaine, coco dimethyl sulfopropyl betaine, steaiyl dimethyl sulfopropyl betaine, 
lauryl dimethyl sulfoethyl betaine, lauryl bis.(2-hydrDxyeihyl) sulfopropyl betaine, and 
amidobetaines and amidosulfofoelaines (wherein the RCONH(CH2)3 "^"^ attached to the 
nitrogen atom of dae betaine), olcyl betaine (available as amphoteric VeWetex OL&>50 from 
Hcnkel), and cocamidopropyl betaine (available as Velvetex BK-35 and BA-35 from Hcnkel). 

Other useful amphoteric and zwitterionic surfactants include die suhaines and 
hydroxysuhaines such as cocamidopropyl hydroxysuitame (available as Mirataine CBS from 
Riione-Poulenc). and the alkanoyi sarcosinates cormpondmg to the formula 
KCGVl{CH^YM^H^CO^ wherein K is olkyl or aUcenyi of about 10 to about 20 carbon atoms, 
and M b a water-soluble cation such as ammonium, sodtimi, potassium and trialkanotamine (e.g^ 
triethanolamine), a preferred example of which is sodium lauroyl sanrosinate. 

ThIckenmgAeent 

The compositions of the present invention can also comprise fnan about 0.1% to about 5%» 
more preferably from about 0.1% to about 3%, and most preferably fiom about 0.25% to about 2% 
of a tiiickening agent 

Nonlimitins classM of diiokening omenta inoludc those selected from the group cuusisting of 

caiboxylic acid polymers, crossUnted polyacrylale polymos, polyacrylamide polymers, 
po^sa^faarides, gums, vinyl etheiymaleic anhydride copolymers, msslinked poty(N- 
vinylpyrrolidones), and mixtures thereof. Preferred thickening agents are those selected from the 
group consisting of caiboxylic acid polymers, crosslmked polyacrylate polymers, polyacrylamide 
polymers, and mixnires thereof More preferred thickening agents are those selected form the group 
consisthig of orossUnked polyacrylate polymers, piyacrylamide polymers, and mbctures thereof. §s& 
U.S. Patent No., 4,387,107. to Kleb et al.. issued June 7, 1983 and ''Encyclopedia of Polymer and 
Thickeners for Cosmetics,** R.Y. Lochhead and W.R. Fron, cds.. Cosmetics A Toiletries. voL 108, 
pp. 95-135 (May 1993), which list a variety of thickening or geUing agents, and whkA are all 
incorporated herein by reference m their entirety. 
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Carboxvlic Acid Polymers These polymers are crosslinked compounds containing one or 

more monomers derived from acrylic acid, substimced acrylic acids, and salts and esters of diese 

acrylic acids and the substituted acrylic acids, wherein the crosslinking agent contams two or mbre 

carbon-carbon double bonds and is derived from a polyhydric alcohol. The preferred carboxylic acid 

polymers are of two general types. The first type of polymer is a crosslinked homopolymer of an 

acrylic acid monomer or derivative thereof (e.g., wherein the acrylic acid has substituents on the two 

and three carbon positions independently selected from the gitiup consisting of C alkyl -CN. - 

COOH, and mbctures tbercoO- The second type of polymer is a crosslinked copolymer having a first 

monomer selected from the group consisting of an acrylic acid monomer or derivative thereof (as 

Jusi described in cbe previous sentence), a short chain alcohol (i.e„ a C ) acrylate ester monomer or 

derivative hereof (e.g., wherein the acrylic acid portion of the ester has substituents on the two and 

three carbon positions independently selected from the gmiip consisting of C alkyl, -CN, 

COOH, and mbctures thereoO. and mfacnires thereof; and a second monomer which is a long chain 

alcohol (i.e, C^^) acrylate ester monomer or derivative thereof (e.g., wherein the acrylic acid 

portion of the ester has substituents on the two and three carbon positions independently selected 

from the group consisting of C alkyl, -COOH, and mbctures theieof). Combinations of these 

1-4 

two types of polymers are also useful herein. 

In the fffst type of crosslinked homopolymers, the monomers are preferably selected from the 

group consisting of acrylic acid, mcthacrylic acid, ethaciylic acid, and mbcnires thereof, with acrylic 

acid being most preferred. In die second type of crosslinked copolymers the acrylic acid monomer 

or derivative thereof is preferably selected from the group consisting of acrylic acid, methacrylic 

acid, ethacryllc acid, and mlxmres thereof, with acrylic acid, methacrylic acid, and mixmres thereof 

being most preferred. The short chain alcohol acrylate ester monomer or derivative thereof is 

preferably selected from the group consisting of C alciAol acrylate esters, C alcohol 

_^ . M 1-4 

mechaciylaie esteis, C alcohol ethacrylate esters, and mbcnires thereof; with the C alcohol 
1-4 

acrylate esters, C^^ alcohol methacrylate esters, and mbctures thereof, being most preferred. The 

long chain alcohol acryhite ester moncimer is selected from C alkyl acrylate esters, with C 

. . 8-40 lO-SO- 

alkyl acrylate esters bemg preferred. 

Hie crosslinking agent in both of these types of polymers is a polyalkcnyl polyether of a 

polyhydrk alcohol contahiing more than one alkenyl ether group per molecule, whereui the puent 

polyhydric alcohol contains at least 3 carbon atoms and at least 3 hydroxyl groups. Preferred 

crosslinkers are those selected from the group consisting of allyl ethers of sucrose and altyl ethers of 

pentaerythritol, and mbctures thereof. These polymers useful m the present mvention are more fiiUy 

described ui U.S. Patent No. 3,087,445, to Haffey et aL, issued February 1 1, 1992; U.S. Patent No. 

4,509,949» to Huang et al.. issued April 5, 1985; U.S. Patent No. 2,798,053, to Brown, issued July 2, 

1957: which are both incorporated by reference herein in their entirety. See also. CTFA international 
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Cwmetjc tpsr?di<?n^ Dictiw^mr. fourth edition, 1991, pp. 12 and 80; which are also incorponted 
herein by reference in their entirety. 

Exatnplca of commercially available homopolymers of the first type uscfiil herein tnciude the 
carbomers, which are homopolymcre of. acrylic acid crosslinked with allyl ethers of sucrose or 
pentaerytritol. The carbomers are available as the Carbopol® 900 series from B.F. Goodrich. 
Examples , of commercialiy available copolymers of the second type useful herein inchtde 
copolymers of Cj^^^ alkyl acrylatcs with one or more monomers of acrylic acid, methaoylic acid* 
or one of their short chain (i.e. C^^ alcohol) esters, wherein the crosslinlcing agent is an allyl ether 
of sucrose or pentaerytntol. These copolymers are known as aciylates/ClO-30 alkyi acrylate 
oosspoiymecs and are commercially available as Caibopol® 1342. Pemulcn TR-l, and Pemuien TR. 
2, from B.F. Goodrich. In other words, examples of caiboxylic acid polymer thlckenen useful 
herein are those selected from the group consisting of cariwmers, aciylates/ClO-Cao aUcyl acrylaie 
crosspolymers, and mixtures thereof. 

Crosslinked Polyacrvlate Polvmm The crosslinked polyacrytate polymers useful as thickeners or 
geUing agents inchide botii cationk; and nonlonic polymers, with the cationics being generally 
preferred. Examples of useful crosslinked nonkuuc potyacrylate polymers and crosslinked cationtc 
polyacrylate polymers arc those described in U^. Patent 5,100.660, to Hawe et aU Issued March 31, 
1992; U.S. Patent 4,849,484, to Heard, issued July 18, 1989; U.S. Patent 4,835,206, to Fartar et al., 
issued May 30. 1989; U.S. Patent 4,628.078 to Gtovcr et aL issued December 9, 1986; U.S. Patent 
4,599,379 to Flesher et at issued July 8, 1986; and EP 228,868, to Fanar et at, published July 15. 
1987; all of which are incorporated by reference herein in dieir entirety. 

The crosslinked polyacrylate polymers are high molecular weight materiaU that can be 
characterized by the general ftmnuila:(A)^(BMC) and comprise the monomer units (A) , (B) ,and 
(C)^, wherein (A) is a dialkylaminoalkyl acrylate monomer or its quaternary ammonium w acki 
addition salt, (B) is a dialkylamlnoaUQri meihaciylate monomer or its quatemary animonlum or acid 
addition salt, (C) is a monomer that is polymerizable with (A) or (B), for example a monomer having 
a carboo-carbon doubl* bond or other sueb polymerizable fuiictiumtl group, 1 Is an Integer Of 0 Or 

peater, m is an intego^ of 0 or greater, n is an integer of 0 or greater, but wh« eitiier 1 or m. or both, 
ihtisf be I tNT greater. 

The (C) monomer can be selected from any of the commonly used monomeis. Nonllmiting 
examples of these monomers include ethylene, propylene, butylcnc, isobutylene, eicosene. maieic 
anhydride, aciylamidc, memacrylamide, maieic acid, acrolein, cyclohcxcne, ethyl vinyl ether, and 
mediyl vinyl ether. In the catiuik polymen of the present mvention, (C) is prefisrably acrylamidc. 
The alkyl portions of the (A) and (B) monomers are short chain length allgrls such as C -C . 
preferably C^-C^, more preferably C^-C^, and most prefei^ly C -C . When quatenutied the 
polymers are preferably quatemized with short chain alkyls, Le., C -C , preferably C -C , more 
preferably C^-C^, and most preferably C -C . Tlie acid addition salts refer to polynlers^having 
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protonated amino groups. Acid addition salts can be performed through the use of halogen (e.g. 

chloride), acetic, phosphoric, nitric, citric, or other acids. . 

These (A) (B) (C) polymers also comprise a crosslinking agent, which is most typically a 
I m n 

material containing two or more unsaturated functional groups. The crosslinking agent is reacted 
with the monomer units of Che polymer and is incorporated into the polymer thereby foiming links or 
covalent bonds between two or more individual polymer chains or between two or more sections of 
the same polymer chain. Nonlimlting examples of suitable crosslinking agents include those selected 
from the group consisting of methylenebisacrylamides, diallyldialkyi anunonium haikles, 
poiyaikenyl polyetbers of polyhydric alcohols, ally! acrytates, vinyloxyaUcyiacrylates, and 
polyfunctional vinylidenes. Specific examples of crosslinking agents useflil herein include those 
selected from the group consisting of metbylenebisaciylamide, etfayl«ie glycol di-(metfa)acrylate, di* 
(meth)acrylamide, cyanomethylacrylate, vtnyloxyethylacrvlate. vinyioxyethylmethacrylate. altyl 
pentaerythritoU triraethylolpropane diallylether, ally! sucrose, butadiene, isoprene, divinyl benzene, 
divinyl naphthalene, ediyl vinyl edier, methyl vinyl ether, and allyl acrylate. Other crosslinkeis 
include formalddiyde and glyoxal. Preferred for use herein as a crosslinking agent is 
methylenebisaciyiamide. 

Widely varying amounts of the crosslinking agent can be employed depending upon the 
properties desired in the final polymer, e.g. viscosilying effect Without being limited by theory, it is 
believed that incorporation of a crosslinking i^cnt into these cationic polymers provides a material 
that is a more effective viscoslfymg agem widiout negatives such as stringiness and viscosity 
breakdown in the presence of electrolytes. The crosslinking agent, when present^ can comprise from 
about 1 ppm to atxmt 1000 ppm, preferably ftota about s ppm to about 750 ppm, more preferably 
from about 25 ppm to about 500 ppm, even more preferably from about 100 ppm to about 500 ppm, 
and most preferably firom about 250 ppm to about 500 ppm of the total weight of the polymer on a 
weight/weight basis. 

The intrinsic viscosity of the crosslinked polymer, measured in one molar sodium chloride 
o 

solution at 25 C, is generally above 6, preferably from about 8 to about 14. The molecular weight 

(weight average) of the crosslmked polymers hereof is high, and is believed to typically be between 

about -t millioD and about 30 million. The specific molecular weight is not critical and loMrer or 

higher weight average molecuhv weights can be used as kmg as the polymer retains its intended 

viscosifying effects. Preferably, a 1.0% solution of the polymer (on an actives basis) in deionized 

o 

water will have a viscosity at 25 C of at least about 20,000 cP, preferably at least about 30,000 cP, 
when measured at 20 RPM by a Brookfield RVT (Broc^eld Engineering Laboratories, Inc. 
Stot^ton, MA, USA). 

These cationic polymers can be made by polymerization of an acpieous solution contaming 
from about 20% to about 60%, generally from about 25% to about 40%, by weight monomer, in the 
presence of an initiator (usually redox or thermal) until the polymerization terminates. The 



CA 02244887 1998*08-04 
16 



PCT/US97/01170 



crosslinking agent can also be added to the solution of the monomers to be polymerized, to 
incoiporate it into the polymer. In the polymerization reactions, the temperamre generally starts 
between about O and 95 C. The polymerization can be conducied by fonntng a reverse phase 
dispersion of an aqueous phase of the monomers (and also any additional crosslinking agents) into a 
nonaqueous liquid, e.g. mineral oil, lanolin, isododecane, oleyl alcohol, and other volatile and 
nonvolatile esters, ethers, and alcohols, and the like. 

All percentages describing the polymer in this section of the description herein are molar, 
unless othenvisc specified. When the polymer contains (C) monomer, the molar proportion of (C) 
monomer, based on the total molar amount of (A), (B), and (C), can be from 0% to about 99%. The 
molar proportions of (A) and (B) can each be from 0% to 100%. When acrylamide, b used aa the 
(C) monomer, it will preferably be used at a level of from about 20% to about 99%, mort prefeiabty 
frtiro about 50% to about 90%. 

Where monomer (A) and (B) arc both present, the ratio of monomer (A) to monomer (B) in 
the Anal polymer, on a molar basts, is preferably from about 99:5 to about 15:85, more preferably 
from about 80:20 to abom 20:80. Alternatively, in another class of polymers, the ratio is from about 
5:95 to about 50:50, preferably fit)m about 5:95 to about 25:75. 

In another alternative class of polymers, the ratio (A):(B) is from about 50:50 to about 85:15. 
Preferably Ac ratio (A):(B) is about 60:40 to about 85:15, most preferably about 75:25 to about 
85:15. 

Most preferred is where monomer (A) Is not presem and tlie ratio of monomer (B):monomer 
(C) is from about 30:70 to about 7030, preferably from about 40:60 to abom 60:40 and most 
preferably from about 45:55 to about 55:45. 

Cationic polymers that are useflil herein that are especially preferred are those conforming to 
the general structure t^Y^J^f^)^ wherein I is zero, (B) is methyl quatemized dhnethylaminoethyl 
meihacrylate, the ratio of (B):(C) is from about 45:55 to about 55:45, and the crosslinking agent is 
metfaylenebisacTylamide. An example of sudi a cationic polymer is one that is commercially 
available as a mineral oil dispersion (which can also inchide various dimming oada such as PPQ-l 
trideoeih^ under the trademark Salcaiie<^ SC92 from AlUed CoUoids Ltd. CNorfolk, Virginia). This 
polymer has the proposed CTFA designatioii, *'Polyquatenimm 32 (and) Mineral Oir. 

Other cationic polymers useful herem, are diose not containing acrylamlde or other (C) 
monomers, that is, n is zero. In these polymers the (A) and (B) monomer components are as 
described above. An cspcciaUy preferred group of these non-acrylamide containing polymers is one 
in which I is also zero. In this instance the polymer is essentially a homopolymer of a 
dialkylamnioalkyl methacrlyate monomer or its quaternary ammonium or acid addition salt. These 
diaklylarainoalkyi methacrylate polymers preferably contain a crosslinking agent as described above. 

A cationic polymer, which is essentially a homc^lymer, useful herein b one conforming to 
the general soucnire (AYB)^(C)^ whcrem I Is zero, (B) is methyl quatemized dimethylaminoetiiyl 



IVO 5^/28785 



CA 02244887 1998-08-04 



JPCT/USSr7/01170 



17 

methaciylate, n is zsro^ and the crossJinkmg agent is methyienebisacrylamide. An example of such a 
bomopolymer is commerciaily available as a mixture containing approximately 50% of the polymer, 
approximately 44% mineral oil, and approximately 6% PPG-l trideceth-6 as a dispersing aid, from 
Allied CoDoids Ltd, (Norfolk, VA) under die trademark Salcare® SC95. This polymer has recently 
been given the CTFA designation "Polyquatemiiun 37 (and) Mineral Oil (and) PPG-l Trideccth-6". 

Polyacrylamide polymers Also useful herein are polyaciylamide polymers, especially non-ionic 
polyacrylamide polymers including substituted branched or unbranched polymei^. These poiytners 
can be formed from a variety of monomers including aery lam ide and methacrylamide which are 
unsubstituted or subtimted v^rith one or two alkyl groups (preferably C j to C5). Preferred are acrylate 
amide and mcthacryiate amide monomers in which the amide nitrogen is unsubstimted, or substituted 
with one or two C| to C5 alkyi groups (jMreferably methyl, ethyU or propyl), for example, 
aciylamide, 

methacrylamide, N-raethacrylamide, N-methylmethacrylamide, N.N-dimethyhnethacrylamide, N- 
isofwopylaciylamide, N-isopropylmethacrylamkle, and N,N-dimethylacrylamide. These polymers 
have a mofecular weight greater than about 1,000,000 preferably greater dian about 1,5000,000 and 
range up to about 30,000,000. Most preferred among these polyacrylamide polymers is die non- 
ionic polymer given the CTFA designation potyaciylamide and boparaflin and bnircih*?, available 
under the Tradename Sepigel 305 from Seppic Corporation (Fairfield, NJ). 

Other polyacrylamide polymers useful herein include multi-block copolymers of acryiamides 
and substituted aciylamides widi acrylic acids and substimted acrylic acids. Commercially available 
examples of these multi-bk)ck copolymers include Hypan SR150H, SS500V, SS500W, SSSA100H, 
fhmi Lipo Chemicals, Inc., (Patterson, N J). 

Polysaccharides A wide variety of polysaccharides are useful herein. By "polysacdiarides" are 
meant gelling agents containing a backbone of repeating sugar (i.e. carbohydrate) units. Nonlimitmg 
examples of pob^accharide gelling agents include those selected from die gnnip consisting of 
oelhilose, carboxymethyl hydroxyethylcellulose, cellulose acetate propionate carboxylate, 
hydroxyediylcellulose, hydroxyediyl ediylcellulose, hydroxypropylcellulose, hydroxypropyl 
methylcelhtk>se, mediyl bydroxyethylceUulose, microctystaliine cellulose, sodhnn cellulose sulfate, 
and%Dttuies diereof. Also useful herein are the aikyl substituted celluloses. In these polymers, die 
hydroxy groups of die ceUulose polymer b hydroyxalkylated (preferably hydrtixyethylated or 
hydroxypropylated) to form a bydroxyaD^lated cellutose which is dien fuidier modified widi a CIO- 
C30 straight chain or branched chah alkyl group through an edier linkage. Typically these polymers 
are ethers of C10-C30 straight or branched chain alcohols with hydroxyalkylcelluloses. Examples of 
allcyl groups useful herein Include those selected torn die group consisting of stearyl, isostearyl, 
lauryL myristyl, cetyU isocetyl, cocoyi (i.e. alkyl groups derived from die alcohols of coconut oil), 
palmllyl. oleyL ItnoleyU linolenyt ricnioteyl, behenyi, and mbctures diereof. 
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Preferred among the alkyi hydroxyalkyl cellulose ethers is the material given the CTFA designation 
cctyl hydroxyethylcellulose, which is the ether of cetyi alcohol and hydroxyethyiceiluiose. Hiis 
moterial is sold under the tradename Natrosol® CS Plus from Aqualon Corporation. 

Other useful polysaccharides include scleroglucans comprising a linear chain of (l.>3) linked 
glucose units widi a (l->6) linked glucose every Aree unhs. a commercially available example of 
which is Clearogel^ CS 1 1 from Michel Mercier Products Inc. (Mounminside. NJ). 
Qums Other additional thickening and gelling agents useful herein include materials whk* are 
primarily derived from natural sources, Nonlimiting examples of these gelling agent gums inchide 
materials selected from the group consisting of acacia, agar, aigin, alginic acid, ammonium alginate, 
amylopectin. calcium algmate, calchnn carrageenan, carnitine, carrageenan, dextrin, gelatin, geilan 
gum, guar gum, guar bydroxypropyhrimonhim chloride, hectorite, hyalurotnic acid, faydreied silica, 
hydroxypropyl chitosan, hydroxypropyl guar, karaya gum, kelp, locust bean gum, natto gum, 
potassium alginate, potassium canrageenan, propylene glycol alginate, sclerotmm gum, sodium 
caiboyxmethy] dextran, sodium canageenan, tragacanth gum, xanthan gum, and mixmres thereof. 
CrpssjinHed Vinyl Ethcr/Maleic Anhydride Copolvmera Other additiotuU thickening and gelling 
agents useful herein include crosslinked copolymers of all^l vinyl ethers and maleic anhdride. In 
these copolymers the vinyl ethera are represented by the fonnula R-0-CH=CH2 wherein R is a CU 
C6 alkyl group, preferably R Is rocdiyl. Preferred crosslinking agents are C4-C20 dienes, preferably 
C6 to C16 dienes, and most preferably C8 to C12 dienes. A partlcularty preferred copolymer is one 
fbimed fkom methyl vinyl ether and maleic anhydride wherein the copolymer has been crosslinked 
with decadiene, and wherein the polymer when dihxted as a 0 J% aqueous solution at pH 7 at 25^ 
has a viscosity of 50,000-70.000 cps when mensured using a Brookfiekl RTV viacometer, spindle H7 
at 10 tpm. Thb copolymer has the CTFA designation PVM/MA decadiene crosspolymer and is 
commercially available as Stabileze^ 06 finom International Speciahy Products (Wayne N J). 
Crosslinked Dolv(N>vinvlpvrrolldonek^ Crosslinked polyviDylCN-pyirolidones) useflil herein as 
additional thickening and gelling agents and include those described in U.S, Patent No. 5,139,770, to 
Shih et ai, ifisued August Ig, 1992, and U.S. Patent No. 5,073,614, to ShUi ei at. issued December 
17, 1991, both patents of which are incorporated by reference herein in their entirety. These gelling 
agents iypically contain from about 0.25% to about 1% by weight of a ctossUnking agent selected 
from the group consisting of divinyl ethers and diallyl ethers of terminal dk>ls containing from about 
2 to about 12 carbon atoms, divinyl ethers and diallyl ethers of polyethylene glycols containmg fiT>m 
about 2 CO about 600 units, dienes having from about 6 to about 20 carbon atoms, divinyl benzene, 
vmyl and ally I ediers of pentaeiyduilol, and the like. TypicaUy, these gelling agents have a viscosity 
fitmi about 25,000 cps to about 40,000 cps when measured as a 594 aqueous solution at 25*0 using a 
Brookfield RVT viscometer with Spindle #6 at 10 rpm. Commercially available examples of these 
polymers inchide ACP.n20, ACP-1179, and ACP-1180, avaika>le from International SpecialQr 
Products (Wayne, NJ). 
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The compositions of the present invention comprise from about 25% Co about 99.1%» more 
preferably firom about 50% to about 95%, and most preferably from about 60% to about 90% water. 
The exact amount of water in the formulation will vary with the ranges of the required and optional 
componeots chosen. 

Optional Components 

The compositions of tfie present invention can comprise a wide ranee of additional 
components. These additional components should be pharmaceuticaUy acceptable. The CTFA 
COTmgtjg IrtKred'CPt Han^ifroolk, Second Edition, 1992. which is incorporated by reference herein in 
Its entirety, describes a wide variety of nonlimiting cosmetic and pharmaceutical ingredients 
ccmunonly used in die akin care industry, which are suitable for use in the compositions of the 
present invenricm. Kimlimtting evathples of fimctaonml eiac6M of tn^vdieato m described «t page 
537 of this reference. Examples of these functiooal Classes include: abrasives, absorbents, anti-acne 
agents, anticaking agents, antifoaming agents, anthnicrobial agents, antioxidants, binders, biological 
additives, boffering agents, bulking agents, chelating agents, chemical additives, colorants, cosmetic 
astringents, cosmetic biocides, denaturants, drug astringents, extemai analgesics, fibn formers, 
fragrance components, humectants, opacifying agents, pH acyuscers, preservatives, propellants, 
reducing agents, skin bleaching agents, skln-conditionmg agients (humectants, miscellaneous, and 
occlusive). 

Some iDimlimiting examples of diese additional compGnents cited in the CTFA Cosmetic 
Ingredient Handbook, as well as other materials usefiil herein, mchide the following: vitambs and 
derivatives thereof (e.g. tocopherol, tocopherol acetate, retinoic acid, retinol, retinoids, and the like); 
polymers for aiding the film-forming properties and substantivity of the composition (such as a 
copolymer of eicosene and vinyl pynoiidone, an example of which is available from GAP Chemical 
Cotpoitadmi as Ganex® V«220); preservatives for maintaining the antimicrobial intc^^ of the 
coiiqK)SitioDs; odier anti-acne medicaments (e^, resoicinol, sulftir, salicylie acid, erythromycin, 
zinc, and the like); skin bleaching (or lightening) agents including but not limited to hydroquinone, 
kojic acid; antioxidants; chelators and sequestrants; skin U:e8ting agents such as alpha-hydroxy acids 
sucS" as lactic acid and glycolic acid, and aesdiedc components such as fragrances, pigments, 
colorings, essentiai oils, skin sensates, asnringents, skin soodimg agents, ddn healing agents and the 
like, nonlimitDig examples of these aesthetic components inchide panthenol and derivatives (eg. 
ediyl panthoiol), aloe vera, pantothenic acid and its derivatives, clove oil, menthol, camphor, 
eucalyptus oil, eugenol, menthyl lactate, witch hazel distillate, allantoin, bisabolol, dipotassium 
glycyntdzinate and the like; and skin conditioning agents such as the propoxylated glycerols 
described m U.S. Patem No. 4,976,953, to Orr et aU issued December 11, 1990, which is 
incorporated by reference herein in its entirely. 
Methods For Protecting TTie Skm From UV Radiation 
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The compositions of the present invention are useful for providing protection to human skin 
from the harmful effects of UV radiation. To protect the skin a safe and effective amount of the 
composition is appiied to the skm. By **safe and effective amount" is meant an amount effective for 
providing the benefits of the present invention, i.e. protection from the hannful effects of UV 
radiation, without any undue toxicity, aUeiigic, or other unwanted side effects. By "protection** is 
meam that these compositions attenuate or reduce the amount of UV radiation reaching the skin's 
surface. Quamities of composition whidi are typically applied to provide protection are about, but 
not limited to« about 2 mg/^cm^. 

The following examples further describe and demonstrate embodiments within the scope of 
the present invention. The examples are given solely for the purpose of illustration and are not to be 
construed as limitations of the present inventinn. ns many variations thareof are possible without 
departing from the spirit and scope of the invention. 

ingredients are identified by chemical or CTFA name. 



EXAMPLES I-n 
Photoproteettvc CcMBPoaittcma 



Ingredient 


1 


n 




WT.% 


WT.% 








Octyl metfaoxycbuiamate 


6.0 


6.0 


ZincQidde 


5.0 


5.0 


fsohexadeeane 


4.0 


4.0 


Glycerin 


3.0 


6.0 


Poiyquatemmm 37 (and) mineral oil (and) 
PPO-l-irideoeiM^ 


2.0 


0.0 


Polyacrylamide (and) C13-14 isquraffin 
(and) iamvth*?^ 


0.0 


Z25 


Dimethicone (and) dimetiiiconol^ 


0.0 


1.0 


Cetyl palmitate 


0.0 


l.O 


Uopropyl paimitote 


0.0 


I.O 


Cyciometfsicone (and) dimethioonol^ 


0.5 


0.0 


Strareth-21 


0.9 


0.45 


Stearyl alcohol 


0.8 


1.5 


Cetyl alcohol 


0.8 


1.5 


Cyclometfaicone (and) dimethicone copolyol^ 


0.5 


0.0 
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Benzyl alcohol 


0.5 


0.5 


M^ylparaben 


0.25 


0.25 


Vitamin E acetate 


0.2 


0.5 


Propyl paraben 


0.15 


0.15 


Dtsodium EOTA 


0-13 


0.13 


DBA Oteth»3 phosphate 


0.1 


0.1 


Steareth-2 


O.l 


0.05 


Water 


QSlOO 


QSlOO 



1 Available as Salcare SC95 from Allied Colloids. 

2 Available as Sepigel 305 from Scppic, Inc. 

^ Available as Dow Coming Q2^I403 fluid from Dow Corning Corporation. 
4 Available as Dow Coming Q2-140I fluid from Dow Coining Coiporation. 
^ Available as Dow Coming Q2-3225C fipom Dow.Corning Corpora 

The above compositions are prepared as follows: 

the emulsion water phase is prqiared by combbiing the glycerin, methylpaiaben, Hi«wiyim EDTA, 
and water in a mixing vessel. Next, a zinc dispersion preraix is prepared by combining the 
isohexadecane, octyl methoxycinnamate. and DEA oleth-3 phosphate in a separate vessel, and 
warming slighdy to sohibilize the DEA oleth-3 phosphate. The zinc oxide b then stirred into the muc 
of oils for about several minutes* and this zinc dispersion b then milled. Next, the remaining oil 
phase ingredients (cetyl palmhate, isopropyi palmitate, steareth-2l, stearyl alcohol, cetyl alcohol, 
Dow Coming Q2-3225C, vitamin E acetate, propylparaben, and steareth-2) ate mbced into the zinc 
dispeisi<m. 

Bodi die water phase and oil phase are then heated to 70 - SO'C, and die oil phase is slowly added to 
the w^er phase while the system is milled to form an emulsion. The emubion is then cooled whh 
stirring. When the system reaches about 60^ die Salcare SC95, Sepigel 305, Dow Coming Q2- 
1401, and Dow Coming Q2-1403 are added, and the pnxtua b milled again to disperse the polymers 
and sDiooines (wfaeii present). The system » then further cooled with stiiTing. The benzyl alcohol b 
then added when the product reaches about 48^ and the prodiut b poured into appn^ate 
containers at about 30**C. 

These composhions are useful for applying to human skin to provide protection from the 
harmftii effects of U V radiation. 



